In the time of Galen (13I-20I) the vacant spaces between the cornea and the lens were assumed to be filled with a viscid fluid resembling the white of an egg. It was believed that this tissuethe lens, iris, and cornea-forming the boundary of these spaces was kept from desiccating by this fluid medium. This assumption prevailed for nearly I 300 years until Andreas Vesalius (5 I4-I564) revealed, by his dissection of ocular tissue, that the teaching of the older masters was fallacious. He demonstrated that the anterior humor of the eye did not resemble the white of an egg, but was watery in nature.
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Not until I703 was the truth concerning the intraocular fluid presented by Jacob Hovius. His dissertation created a considerable stir among ophthalmologists, as well it might, for therein was described the influx and efflux of the ocular humors, and a method for measuring these fluxions. At about the same time FrangoisPourfour du Petit reported his results of measurements of the intraocular fluids. This work was elaborated upon by St. Ives (I722), who injected foreign fluids into the anterior chamber of the eye as a therapeutic measure.
With the advent of the microscope a better understanding of the structure of the ocular tissue was introduced. Several investigators studied the histology of the ciliary body and its processes, disclosing the fact that the intraocular fluid originates in these processes and is apparently a secretory product. This early work has been splendidly compiled by Parson (1904) in "The Pathology of the Eye", but a study of the methods employed and an analysis of the interpretations derived, show that the one was as crude as the other was illogical.
Even at the present time, our knowledge of the intraocular fluid is still indefinite for there is considerable disagreement concerning the nature and origin of the fluid. Several theories have been advanced to explaiin its origin, the more important of them dealing with processes of secretion, filtration, and dialyzation.
Those who support the theory of secretion have considered the ciliary body and processes as the chief source of the intraocular fluid. The function of this ocular tissue has been likened to that of a true gland, and considerable evidence has been offered to prove its secretory activity. Before commenting on this theory a definition of the term "secretion" is relevant.
True secretion must be considered as an elaboration of substance by certain specialized cells for some specific purpose in the body mechanism, in such a way that in its formation, work in one form or another is performed. The energy for this work is probably evolved from the protoplasmic activity of the secreting cells and is due to the oxidation of substances of a high chemical potential to substances of lower potential. The intimate nature of this cellular response is not, as yet, well understood. The energy which is produced may manifest itself in several ways. It may be in the nature of chemical activity, such as the formation of enzymes in the alimentary juices, or of hormones of internal secreting glands, of acids and alkalies in the stomach and pancreas, of poisons used for offense and defense by insects or snakes, or of luminous substances generated by insects. It may be presented in the form of hydrostatic work analogous to that noted in the salivary gland which often secretes against a pressure within the duct exceeding that of the blood stream, or in the form of osmotic pressure represented in the production by the kidneys of urine which is either under or above the normal molar concentration of the blood. As a rule, certain definite changes in the cellular tissue are produced by this expenditure of energy. The most common one is the appearance and growth, in the more or less homogeneous protoplasm of the resting cell, of zymogenic granules and their solution or emission from the active cells. The secretory activity of the cells is usually accompanied by alteration in the permeability, and by changes in the electric reactions of the tissues. The process of secretion may be modified quantitatively or qualitatively by the stimulation of the nerve fibers which terminate in the secretory cells or by the actions of chemical substances introduced through the blood stream.
The evidence ordinarily put forth in favor of a secretory origin of the aqueous humor is mainly anatomic in nature, depending on the histologic structure of the ciliary epithelium and its resemblance to a gland. These conclusions have been challenged by a score of able observers. Even at its best, this form of evidence is inconclusive and susceptible to varying interpretations.
Seidel and his coworkers observed cytologic changes in the epithelial covering of the ciliary processes following cellular activity, which were considered by them as manifestations of glandular processes. They found an increase in the size of the cell, which also differentiated itself into two zones; a granular area at the inner border, and a clear zone at the periphery or free margin of the cell. Hemosiderin granules and mitochondria were also observed in the tissues. The same cellular disturbance was noted in the choroid plexus under similar conditions. Becht pointed out that in the latter the above changes in the cells did not constitute evidence of active secretion, and the alteration of cellular tissue was the exact opposite of that which occurred during active secretion in typical glands. Weed also demonstrated that the intravenous injection of distilled water caused analogous changes in the choroid plexus. He interpreted the alteration in the cells as evidence of an increased amount of fluid passing through them.
Further evidence of active secretion has been sought by Nicati, Seidel, and others, by introducing into the general circulation, and locally into the cul-de-sac, such agents as pilocarpin and physostigmin, which produce true secretion in other glands of the body. Changes were noted in the cellular tissue as described above, and the manifestation was accompanied by an increased protein content of the aqueous humor. The reactions to the miotics were in accord with those set forth by Wessely and by Yudkin and his coworkers, but the above finding cannot be interpreted as necessarily indicative of glandular activity. This was also upheld by Koller and Theil, who produced evidence to show that physostigmin caused a vasodilation in the ocular tissue, and Adler and Landis demonstrated that even though the ciliary ganglion was severed or degenerated, the miotics produced the same effect. Hence the action must be vascular in origin rather than due to glandular activity. It was shown that atropin had the opposite effect on the vascular tissue.
Seidel further supported his secretory theory by showing that there is a difference of potential between the ciliary body and processes and the cornea, so that a current can be established as in the case of a secretory structure like the salivary gland; but this manifestation was questioned by Lullies and Gulkowitsch, and by Duke-Elder. They believed that this phenomenon might be explained by the fact that the two electrodes which Seidel used were immersed in solutions of different ionic concentration.
Apparently, substances not occurring in the blood have not been detected in the intraocular fluid. In view of the fact that many authorities question the action of the miotics pilocarpin and physostigmin, and the cellular changes produced by them and bv other means, as evidence of true secretion, and since the ciliary body and processes do not resemble other glandular tissue histologically, it is necessary to seek some explanation for the composition of the intraocular fluid other than the secretory mechanism.
In opposition to the theory of physiologic secretion is that of filtration, which was advocated by Leber and his school. They believed that the intraocular fluid is produced in the ciliary processes by a process of physical filtration, the principal factor in this performance being the gradient pressure from the source of .origin to the point of absorption. This assumption was supported, in the main, by the experimental work of Henderson and Starling, who showed that the production of intraocular fluid is strictly proportional to the difference of pressure between the blood in the capillaries of the eyeball and the intraocular fluid. They believed that the difference of pressure, amounting to over 30 mm. of mercury, is sufficient to account for the low protein content in the intraocular fluid, without assuming an active intervention on the part of the capillary walls or of the ciliary body.
From a clinical standpoint the filtration theory seems to explain a number of the problems with which we have to deal, but it does not account for the chemical composition of the aqueous humor under normal or abnormal conditions. If no factor other than filtration is involved in the separation of the aqueous humor from the blood, one would expect the composition of the filtrable membrane to be identical in both fluids. It is known, however, that proteins are present in the normal aqueous humor-only in traces and if the permeability of the membrane is altered their proportions seem to align themselves according to a definite process of distribution.
A critical review of the subject reveals that the diffusible constituents of the blood partition themselves in the fluids-serum and aqueous humor-according to their electrical potential, whereas, the nondissociable constituents partition themselves almost equally on both sides of the membrane. The proteins of the aqueous humor are derived from the blood and they are present in the humor in the same relative proportions as they occur in the blood and are identical.
In view of the chemical analyses of the aqueous humor, DukeElder, Meesmann, Baurmann, and Magitot could not accept either the secretory or the filtration theory. They believe that the unequal distribution of the ions in the two related fluids, serum and intraocular fluid, is characteristic of a system in membrane equilibrium. Duke-Elder considers the membrane equilibrium theory, as developed by Donnan, as applicable to the conditions of fluid formation in the eye. Not only does the normal fluid obey this theory, but he believes that the abnormal aqueous humor likewise is formed according to the Donnan membrane equilibrium. He considers the capillary walls, and not the ciliary epithelium, as the essential dialyzing membrane, because the intraocular fluids are in equilibrium with the capillary blood. The properties of the aqueous humor vary directly with the state of permeability, and the ciliary region is not the only site of the process of dialysis. In such a system, he postulates that there is a continuous process of reciprocal interchanges on either side of the capillary walls. There is a filtration outward, determined by the differences in the hydrostatic pressures, and an osmotic flow in the opposite direction, conditioned by the relative osmotic pressures. He assumes that there is a transfer of the diffusible substances either outward or inward according to their several differences in concentration. There is a readjustment depending on colloid impermeabilities, and on either side of the capillary walls there is a balancing hydrostatic and osmotic pressure equilibrium, around which level the mutually compensating pressures are continually fluctuating. In any capillary these balancing forces will determine a flow of fluid outward at one moment and inward at another. Theoretically, the fluid is stagnant, but superimposed upon this primary metabolic interchange, there probably is a secondary and intermittent circulation, which is determined by the contraction of the internal and external musculature and the influence of vascular contraction and expansion.
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During the last six years we have studied the constituents of the aqueous humor of the rabbit and dog. Our determinations of the composition of the intraocular fluid under both normal and abnormal conditions are in accord with those presented by the advocates of the membrane equilibrium theory. This agreement, alone, is not sufficient to justify acceptance of the hypothesis proposed by Duke-Elder, for other factors must be considered also. It has been shown that where a membrane is more permeable to one ion than to another, a variable electric potential and chemical reaction exists in the separated fluids, and the osmotic and hydrostatic forces are equalized. This has been established by the experimental work of Mestrezat and others, with colloidal sacs of known permeability. With our present technic it is impossible to demonstrate the existence of parallel thermodynamic forces between the capillarv blood and intraocular fluid in vivo. As yet, no direct method except the microosmometer of Duke-Elder has been devised for measuring these forces in the blood and in the eye fluid of the same animal under normal physiologic conditions.
There are, however, certain changes, chemical and physiologic, which take place in the eye when the composition of the blood is altered and the permeability of the capillaries is changed, which point toward the theory of membrane equilibrium. Certain disturbances of the osmotic and hydrostatic pressures of the two systems produce changes which may be accounted for more readily by this hypothesis. For example, Gaedertz and Wittgenstein showed that intravenously injected diffusible basic dyes and inorganic cations cannot be recovered in the normal aqueous humor under ordinary physiologic conditions. The situation is reversed for diffusible acid dyes and anions. This behavior is attributed to the protoplasmic absorption of the substances. The cathodal substances are absorbed rapidly from the blood stream, and the amount required for transmission to the aqueous humor is enormous. In large amounts they are exceptionally toxic. The anodal substances, on the other hand, are absorbed very poorly, and hence accumulate to a greater extent in the blood stream, and therefore less of the ingredient is necessary for transmission to the intraocular fluid. From this it is concluded that the diffusible electrolyte depends for its transport on the function of its electric charge. Van Creveld and de Haan showed that intravenously injected fluorescein was present in the aqueous humor in exactly the same concentration re]ative to the plasma as was obtained by dialysing blood through colloidion membranes. It has likewise been shown that iodid, given by mouth, subcutaneously, subconjunctivally, and intravenously, finds its way into the intraocular fluids, and that its concentration in the aqueous humor varies with that of the blood. Bromid and salicylate have also been recovered in the aqueous humor after administration by mouth.
A review of the facts shows that the intraocular fluid is derived from the blood stream by the same forces that are responsible for other tissue fluids, particularly the spinal fluid. The factors involved in the formation of the fluid are the hydrostatic pressure of the two systems, the permeability of the intraocular vascular capillaries, and the osmotic pressures of the blood plasma and the intraocular fluid. Those who believe that the aqueous humor is produced as a pressure filtrate, base their assumption on experimental work which shows that the hydrostatic pressure in the intraocular vascular bed is a gradient one, i. e., the ciliary capillary pressure is greater than the intraocular pressure, which in turn is greater than the pressure in the veins and canal of Schlemm. The composition of aqueous humor may also be accounted for by the difference in the blood stream and the intraocular pressures. Because of this change in the hydrostatic pressure from the site of origin to the exit of the fluid, there is a continuous circulation present. The intraocular pressure is considered as a function of the intraocular vascular hydrostatic pressure, and it rises and falls with the blood pressure. Some lay stress on the arterial influence and others on the venous system. The normal intraocular pressure therefore represents the pressure at which the rate of formation of intraocular fluid is exactly balanced by the rate of escape from the eyeball.
The pressure filtration theory does not account for the chemical composition of the aqueous humor under either normal or abnormal conditions. If no factors other than filtration are involved in the separation of aqueous humor from the blood, one would expect the composition of the filtrable material to be identical in both fluids. It is known,, however, that proteins are present in the normal aqueous humor only in traces, and when the permeability of the membrane is altered, their proportions vary according to the laws of diffusion. The diffusible ingredients partition themselves in the fluids accord-ing to their electric potential in the normal and likewise in the altered state. The non-dissociable constituents are partitioned almost equally on both sides of the membrane. The physical forces are not as well known as is the chemical composition of the fluids, but the changes which present themselves when the hvdrostatic and osmotic forces are altered, point to the fact that the pressure filtration theory needs modification.
